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(54) SEMICONDUCTOR LASER AND MANUFACTURE THEREOF 
(57)Abstract: 

PROBLEM TO BE SOLVED: To surely joint an electrode to a contact layer formed in 
the uppermost part of a ridge structure, in a semiconductor laser manufacturing 
method through which a semiconductor laser is manufactured by forming a plurahty of 
semiconductor layers, including the contact layer which becomes the uppermost layer 
on a substrate, a ridge structure by partially etching the semiconductor layers, and an 
insulating film in a state where the film comes into contact with the etched part of the 
ridge structure and covers at least a part of the contact layer left in the uppermost part 
of the ridge structure. 

SOLUTION: After a plurality of semiconductor layers containing a contact layer 19 is 
formed on a substrate 10, a metallic mask 20 which inhibits etching is formed 20 on a 
prescribed spot of the contact layer 19. Ridge etching and the formation of an insulating 



filin 21 are performed by leaving the mask 20 as is, and the contact layer 19 is exposed 
by removing the mask 20. Finally, an electrode 23* is formed so that the electrode 23' 
joint to the contact layer 19. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 



1 This document has been translated by computer. So the translation may not 

reflect the original precisely. 

2.**** shows the word which can not be translated. 

3.ln the drawings, any words are not translated. 

CLAIMS 
[Claim(s)] 

[Claim 1] On a substrate, two or more semi-conductor layers containing the 
contact layer used as the maximum upper layer are formed. Ridge structure is 
formed by etching the semi-conductor layer of these plurality selectively. An 
insulator layer is formed in the condition of exposing said a part of contact layer 
[ at least ] which touched the part in which said etching was made, and remained 
in the most significant of said ridge structure. In the production approach of the 
semiconductor laser which joins an electrode to said exposed contact layer After 
forming said two or more semi-conductor layers, in the predetermined part on 
said contact layer Said etching and formation of said insulator layer are 
performed forming the metal mask which prevents said etching and leaving this 
metal mask. The production approach of the semiconductor laser characterized 



by forming said electrode so that it may join to this contact layer that removed 
said metal mask, and was made to expose said contact layer, next was exposed. 
[Claim 2] On a substrate, two or more semi-conductor layers containing the 
contact layer used as the maximum upper layer are formed. Ridge structure is 
formed by etching the semi-conductor layer of these plurality selectively. An 
insulator layer is formed in the condition of exposing said a part of contact layer 
[ at least ] which touched the part in which said etching was made, and remained 
in the most significant of said ridge structure. In the production approach of the 
semiconductor laser which joins an electrode to said exposed contact layer After 
forming said two or more semi-conductor layers, in the predetermined part on 
said contact layer Where it formed the metal mask which has a laminated 
structure containing the metal layer which touches this contact layer, and 
prevents said etching, and it performed said etching and formation of said 
insulator layer, with this metal mask left and then said metal layer is left The 
production approach of the semiconductor laser characterized by forming said 
electrode so that it may join to this metal layer. 

[Claim 3] Semiconductor laser characterized by being produced by the approach 
according to claim 1 . 



[Claim 4] Semiconductor laser characterized by being produced by the approach 
according to claim 2, and said metal layer intervening between said contact 
layers and electrodes. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] About semiconductor laser and its production approach, 
especially this invention has ridge structure in a detail, and relates to the 
semiconductor laser by which the junction structure of the contact layer and 
electrode which were formed in the topmost part of this ridge structure was 
improved, and its production approach. 
[0002] 

[Description of the Prior Art] Generally refractive-index waveguide structure is 
applied to the single mode laser which needs transverse-mode control among 
various semiconductor laser. And the approach of forming the block layer of low 
refraction with pad re-growth as an approach of attaching a refractive-index level 
difference in such refractive-index waveguide structure and the approach of 
forming ridge structure are learned. 

[0003] Although the method of growing up a contact layer again is applied by the 
approach of performing the former pad re-growth after growing up a clad and a 
current block layer with the conductivity of reverse since a carrier is shut up, 
there is a possibility that the dependability of a component may fall according to 



that a process becomes complicated and defective generating at the time of 
re-growth. Then, recently, the latter ridge structure is also applied more often. 
[0004] Although the approach embedding high electrical resistance materials, 
such as polyimide, is also learned the sake [ carrier ****** ] when applying this 
ridge structure, generally many insulator layers are applied. When applying this 
insulator layer, in order to take contact between a semi-conductor layer and an 
electrode, etching clearance of the insulator layer of the upper part of ridge 
structure was conventionally carried out according to the photolithography 
process, the electrode was formed from on that and the method of joining this 
electrode to the exposed contact layer of the ridge structure most significant was 
adopted. 
[0005] 

[Problem(s) to be Solved by the Invention] However, in order in the case of 
single mode laser for the width of face of ridge structure to be very narrow with 
several micrometers generally, to have carried out alignment to such a narrow 
part at accuracy and to have prepared the insulator layer clearance part, very 
expensive equipment and advanced skill were needed. 
[0006] From such a situation, many approaches self-alignment removes the 



insulator layer of the upper part of ridge structure are proposed conventionally. 
As such an approach, C.Harder et al."High-Power Ridge-waveguide AIGaAs 
GRIN-SCH Laser Diode"ELECTRONICS LETTERS, VoL22. No.20, pp 
1081-1082 (1986). and the thing indicated by the U.S. Pat. No. 5,059,552 
description are mentioned. 

[0007] Although the former approach applies a spatter to membrane formation of 
an insulator layer, if practical membrane formation time amount is taken into 
consideration, a certain amount of membrane formation rate must be needed, 
and the comparatively big RF power (about [ Hundreds ] W) as semiconductor 
laser must be impressed. Therefore, by this approach, we are anxious about 
component degradation by the plasma damage. 

[0008] On the other hand, although the latter approach forms an insulator layer 
by the low dental-curing film by PECVD (Plasma Enhanced Chemical 
VaporDeposition). since it is necessary to decompose ingredient gas at low 
temperature, equipment with special 2 cycle RF equipment etc. is needed. 
Although applying the usual plasma CVD instead of this low dental-curing film 
method is also considered, it is necessary to carry out temperature up of the 
substrate temperature to about 300 degrees C in that case for the reaction of 



ingredient gas, and stabilization of membraneous quality. However, since resist 
clearance benefits difficult that a resist deforms and a configuration gets worse 
under such an elevated temperature, and the conversion by heat, this plasma 
CVD is unapplicable ability on practical use level. 

[0009] This invention aims at offering the approach of producing the 
semiconductor laser to which the electrode was certainly joined to the contact 
layer formed in the topmost part of ridge structure, and such semiconductor laser 
in view of the above-mentioned situation. 
[0010] 

[Means for Solving the Problem] The production approach of the 1st 
semiconductor laser by this invention On a substrate, two or more 
semi-conductor layers containing the contact layer used as the maximum upper 
layer are formed. Ridge structure is formed by etching the semi-conductor layer 
of these plurality selectively. An insulator layer is formed in the condition, of 
exposing said a part of contact layer [ at least ] which touched the part in which 
said etching was made, and. remained in the most significant of said ridge 
structure. In the production approach of the semiconductor laser which joins an 
electrode to said exposed contact layer After fomiing said two or more 



semi-conductor layers, in the predetermined part on said contact layer Said 
etching and formation of said insulator layer are performed forming the metal 
mask which prevents said etching and leaving this metal mask. It is 
characterized by forming said electrode so that it may join to this contact layer 
that removed said metal mask, and was made to expose said contact layer, next 
was exposed. 

[00 11] Moreover, the production approach of the 2nd semiconductor laser by this 
invention On a substrate, two or more semi-conductor layers containing the 
contact layer used as the maximum upper layer are formed. Ridge structure is 
formed by etching the semi-rconductor layer of these plurality selectively. An 
insulator layer is formed in the condition of exposing said a part of contact layer 
[ at least ] which touched the part in which said etching was made, and remained 
in the most significant of said ridge structure. In the production approach of the 
semiconductor laser which joins an electrode to said exposed contact layer After 
forming said two or more semi-conductor layers, in the predetemiined part on 
said contact layer Where it formed the metal mask which has a laminated 
structure containing the metal layer which touches this contact layer, and 
prevents said etching, and it performed said etching and formation of said 



insulator layer, with this metal mask left and then said metal layer is left It is 
characterized by forming said electrode so that it may join to this metal layer 
[0012] On the other hand, the 1st semiconductor laser by this invention is 
characterized by being produced by the 1st approach of the above. 
[0013] Moreover, the 2nd semiconductor laser by this invention is characterized 
by being produced by the 2nd approach of the above and said metal layer 
intervening between a contact layer and an electrode. 
[0014] 

[Effect of the Invention] By the production approach of the 1st semiconductor 
laser by this invention Since it was made to perform etching and formation of an 
insulator layer, forming in the predetermined part on a contact layer the metal 
mask which prevents etching for ridge structure formation, and leaving this metal 
mask The crowning (it is a contact layer here) of the ridge structure where ridge 
structure is formed in the part under this metal mask, and the insulator layer is 
covered with the metal mask will be removed and formed. 
[0015] Then, if the above-mentioned metal mask is removed next, an insulator 
layer will be in the condition of having carried out self-alignment so to speak, and 
having been formed, as [ start / the crowning of ridge structure ], and the contact 



layer of this ridge structure crowning will expose it extensively. Therefore, if an 
electrode is formed so that it may join to this contact layer exposed greatly, a 
contact layer and an electrode will come to join certainly. 
[0016] By the above, the 1st semiconductor laser of this invention produced by 
this approach becomes what the contact layer and the electrode joined certainly. 
[0017] On the other hand, the production approach of the 2nd semiconductor 
laser by this invention in the predetermined part on a contact layer Since it was 
made to perform etching and formation of an insulator layer, forming the metal 
mask which prevents etching for ridge structure formation, and leaving this metal 
mask The crowning (it is a contact layer here) of the ridge structure where ridge 
structure is formed in the part under this metal mask, and the insulator layer is 
covered with the metal mask will be removed and formed. 
[0018] And since the metal mask which consists of a laminated structure in this 
case contains the metal layer which touches a contact layer, if an electrode is 
formed so that it may leave this metal layer and may join to it, an electrode and a 
contact layer will come to join it certainly through a metal layer. 
[001 9] By the above, it becomes that to which the contact layer and the electrode 
also joined certainly the 2nd semiconductor laser of this invention produced by 



this approach. 

[0020] Moreover, by the production approach of the semiconductor laser by this 
invention, since the metal mask with thermal resistance high for whether your 
being Haruka is used as a mask which prevents etching for ridge structure 
formation compared with the resist, even if it does not use special CVD, the 
insulator layer which carried out self-alignment can be formed. 
[0021] Moreover, by the production approach of the 2nd semiconductor laser 
especially by this invention, since the metal used as the above-mentioned mask 
serves as an electrode as it is, the maximum contact area can be secured. 
[0022] 

[Embodiment of the Invention] With reference to a drawing, the gestalt of 
operation of this invention is explained below. Drawing 1 shows order for the 
process which produces semiconductor laser by the approach of the 1st 
operation gestalt of this invention later on. As first shown in this drawing (1), a 
semiconducting crystal is formed with epitaxial growth on a substrate. Here, this 
process is explained in detail with reference to drawing 2 . 
[0023] In this example, in order to produce the semiconductor laser of the 
oscillation wavelength of 950nm band it is shown in drawing 2 ~ as - the n-GaAs 



substrate (carrier concentration: 7-20x1 01 7cm-3) 10 top - MOCVD (organic 
metal vapor growth) - law and MBE (molecular beam epitaxy) - by law etc. 
n-GaAs with a thickness of about 200-600nm ln0.212Ga0.788As0.57P0.43 
[ with a buffer layer / 11 /, a n-lnO.484GaO.516P (carrier concentration: 
5-15x1017cm-3) cladding layer / 12 / of with a thickness of 2 micrometers, and a 
thickness of 45nm ] (Carrier concentration: 7-20x1 01 7cm-3) (Non dope) The 
barrier layer 13, the lnO.18GaO.82As (non dope) barrier layer 14 with a thickness 
of 9nm. the InGaAsP (non dope) barrier layer 1 5 with a thickness of 45nm, a 
p-lnGaP cladding layer with a thickness of 400nm (carrier concentration:) 
5-20x1 01 7cm-3 16, the p-lnGaAsP etching stop layer (carrier concentration: 
5-15x1017cm-3) 17 with a thickness of about 4-1 Onm, the p-lnGaP cladding 
layer 18 with a thickness of 1.6 micrometers (carrier concentration: 
5-20x1 01 7cm-3) And sequential epitaxial growth of the p-GaAs contact layer 
(carrier concentration: 5-30x1 01 8cm-3) 19 with a thickness of about 150-500nm 
is carried out. 

[0024] Thus, after growing up a semiconducting crystal, aluminum film with a 
thickness of about 100-IOOOnm is formed with vacuum. deposition on the p-GaAs 
contact layer 19. 



[0025] Subsequently, according to the usual lithography process, as shown in 
drawing 1 (2). patterning of the above-mentioned aluminum film is carried out so 
that it may leave a stripe part and a cleavage part. The dry etching by the gas of 
a chlorine system may be applied to etching at the time of forming this aluminum 
pattern 20, or wet etching may be applied to it. Moreover, although the order of a 
process gets mixed up, even if it uses the lift-off method, the same aluminum 
pattern 20 can be formed. 

[0026] In addition, in drawing 1 . it is shown in simple among the semi-conductor 
layers ****(ed) on the n-GaAs substrate 10 except p-lnGaAsP etching stop layer 
17, cladding layer 18, and p-GaAs contact layer 19 (the same is said of drawing 
3). 

[0027] Next, the p-GaAs contact layer 19 is etched by the sulfuric-acid system or 
citric-acid system etchant by using the obtained aluminum pattern 20 as a mask. 
At this time, side etching adjusts 0.1 micrometers or more of etching time so that 
it may enter a clad layer thickness grade standardly. 

[0028] Next, as shown in this drawing (3), the p-lnGaP cladding layer 18 is 
etched to the p-lnGaAsP etching stop layer 17 by hydrochloric-acid system 
etchant by using the p-GaAs contact layer 19 which remained as a mask. 



Thereby, the ridge structure 25 as a graphic display is formed. In addition, at this 
time, the aluminum pattern 20 is not etched in order to make a passive state. 
[0029] next, it is shown in this drawing (4) - as - plasma CVD - Si02 Or 
SiOxNy from - the insulator layer 21 with a thin thickness of about 50-500nm is 
produced. In addition, this plasma CVD is made under the temperature of 300 
degrees C as an example. 

[0030] Next, as it is immersed in the etching reagent of a phosphoric-acid system 
and the substrate 10 with which the insulator layer 21 was produced is shown in 
this drawing (5), the insulator layer 21 deposited the above-mentioned aluminum 
pattern 20 and on it is removed by the lift off. If a brush scrub, ultrasonic 
impression, or those both sides are performed and a crack, and partial film 
peeling and a pan are made to generate cutting for a hood in the insulator layer 
21 on the aluminum pattern 20 at this time, it will become removable more easily 
about an insulator layer 21 . 

[0031] Next, a pattern of a resist which the part of p lateral electrode to be 
formed from now on exposes according to the usual lithography process as 
shown in this drawing (6) is formed. 

[0032] Next, as shown in this drawing (7), vacuum deposition of the electrode 



material 23 is carried out by using the above-mentioned resist pattern 22 as a 
mask. In this example, Ti. Pt, and Au are vapor-deposited to 100nm in thickness. 
50nm. and 80nm as an electrode material 23 at this order, respectively. 
[0033] Next, if solvents, such as an acetone, remove the above-mentioned resist 
pattern 22 and the electrode material 23 on it by the lift off as shown in this 
drawing (8), only the electrode material currently formed in parts other than 
resist pattern 22 will remain, and p lateral electrode 23' of a predetermined 
configuration will be formed. 

[0034] Then, if plating etc. performs an overcoat, p lateral electrode 23' will be 
completed. Furthermore, desired semiconductor laser is completed by grinding 
the n-GaAs substrate 10, producing n lateral electrode, carrying out primary 
cleavage in a predetermined location, giving an end-face coat to the cleavage 
plane, and carrying out secondary cleavage further in a predetermined location, 
[0035] According to the above approach, an insulator layer 21 will remove the 
crowning (it is the contact layer 19 here) of the ridge structure 25 covered with 
the aluminum pattern 20. and it will be fomned as shown in drawing 1 (4). 
[0036] Then, an insulator layer 21 will be in the condition of having carried out 
self-alignment so to speak, and having been formed, as [ start / the crowning of 



the ridge structure 25 ], and the contact layer 19 of the crowning of this ridge 
structure 25 will expose it extensively as it is shown in this drawing (5), if the 
aluminum pattern 20 is removed next. Therefore, p lateral electrode 23' formed 
so that it might join to this contact layer 19 exposed greatly is certainly joined to 
the contact layer 19. 

[0037] Next, the 2nd operation gestalt of this invention is explained. Drawing 3 
shows order for the process which produces semiconductor laser by the 
approach of the 2nd operation gestalt of this invention later on. In addition, in this 
drawing 3 . the jack per line is given to the element equivalent to the element in 
drawing 1 , and the explanation which overlapped about them is omitted. 
[0038] As first shown in drawing 3 (1). each class (refer to drawing 2 ) from the 
n-GaAs buffer layer 1 1 to the p-GaAs contact layer 19 is formed with sequential 
epitaxial growth on the n-GaAs substrate 10. Since this process is completely 
the same in the 1st operation gestalt, detailed explanation is omitted. 
[0039] Subsequently, according to the usual lithography process, patterning of 
the resist is carried out so that it may leave a stripe part on the p-GaAs contact 
layer 19. The laminating of Ti, Pt, and the Au is carried out to the thickness of 
50nm, 80nm. and 500nm after that at this order, respectively, it is immersed in 



the solvent in which an acetone etc. can resist dissolve a substrate 10, and a lift 
off is performed. Thereby, as shown in drawing 3 (2). the stripe pattern 30 which 
consists of Ti/Pt/Au is formed in the location which hits on a stripe part. 
[0040] Next, as shown in this drawing (3), a resist pattern 31 is formed in a 
secondary cleavage schedule part according to the usual photolithography 
process. 

[0041] Next, as shown in this drawing (4), the p-GaAs contact layer 19 is etched 
by the sulfuric-acid system or citric-acid system etchant by using the 
above-mentioned Ti/Pt/Au stripe pattern 30 and a resist pattern 31 as a mask. At 
this time, like the 1st operation gestalt, side etching adjusts 0.1 micrometers or 
more of etching time so that it may enter a clad layer thickness grade standardly. 
[0042] Next, the p-lnGaP cladding layer 18 is etched to the p-lnGaAsP etching 
stop layer 17 by hydrochloric-acid system etchant by using the p-GaAs contact 
layer 19 which remained as a mask. If a resist pattern 31 is removed by 
approaches, such as exclusive exfoliation liquid or ashing (ashing processing), 
after this etching is completed, the ridge structure 25 as shown in this drawing 
(5) will be formed. 

[0043] next, it is shown in this drawing (6) - as ~ plasma CVD « Si02 Or 



SiOxNy from - the insulator layer 21 with a thin thickness of about 50-500nm is 
produced. In addition, this plasma CVD is made under the temperature of 300 
degrees C as an example. 

[0044] Next, as shown in this drawing (7), the insulator layer 21 which was 
immersed in the golden etching reagent of an iodine system, and deposited the 
substrate 10 with which the insulator layer 21 was produced Au of the Ti/Pt/Au 
stripe pattern 30 and on it is removed by the lift off. At this time, it becomes 
removable more effectively about Au and an insulator layer 21 by performing, a 
brush scrub, ultrasonic impression, or those both sides. In addition, 
above-mentioned Ti/Pt becomes contact electrode 30' as it is, without being 
removed. 

[0045] Next, as shown in this drawing (8), the laminating of Ti, Pt, and the Au is 
carried out to the thickness of 50nm, 80nm, and lOOnm with vacuum deposition 
from a contact electrode 30* upside at this order, respectively, and the overcoat 
electrode 32 is formed. 

[0046] Then, if plating etc. performs an overcoat, p lateral electrode which 
consists of above-mentioned contact electrode 30* and an overcoat electrode 32 
will be completed. Furthermore, desired semiconductor laser is completed by 



grinding the n-GaAs substrate 10, producing n lateral electrode, carrying out 
primary cleavage in a predetermined location, giving an end-face coat to the 
cleavage plane, and carrying out secondary cleavage further in a predetermined 
location. 

[0047] According to the above approach, an insulator layer 21 will remove the 
crowning (it is the contact layer 19 here) of the ridge structure covered with the 
Ti/Pt/Au stripe pattern 30 as a metal mask, and it will be formed. And it leaves 
Ti/Pt joined to the contact layer 19 before performing ridge etching in this case 
as an electrode material as it is, and since the overcoat electrode 32 is formed 
so that it may join to it, an electrode 32 and the contact layer 19 come to join 
certainly by the large area through Ti/Pt. 

[0048] In addition, as a metal mask which has an above-mentioned laminated 
structure, what [ not only ] consists of Ti/Pt/Au but the thing which consists of 
Pd/Ti/Pt/Au or Pd/Pt/Au in addition to this is usable. 

[0049] Moreover, in two operation gestalten explained above, a process which 
makes a secondary cleavage location the height of a ridge crowning, an EQC, or 
more than it is established. Although it is carrying out for the ridge protection in 
the case of mounting by improvement in cleavability, and junction down further In 



order that this may clarify a secondary cleavage location, it is also possible to 
remove this process intrinsically. 

[0050] Moreover, although the above explained the case where ridge structure 
was an order mesa ridge configuration, this invention does not limit the 
configuration of a ridge in essence, and does so the same effectiveness as the 
above-mentioned applicable [ this invention ] also to the semiconductor laser 
which has the ridge of the shape of a cross-section rectangle produced by the 
reverse mesa or dry etching. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The schematic diagram explaining the production approach of the 
semiconductor laser by the 1st operation gestalt of this invention 
[Drawing 2] The schematic diagram showing the semi-conductor layer formed in 
the middle of the above-mentioned approach 

[Drawing 3] The schematic diagram explaining the production approach of the 
semiconductor laser by the 2nd operation gestalt of this invention 
[Description of Notations] 

10 N-GaAs Substrate 

1 1 N-GaAs Buffer Layer 

12 N-lnGaP Cladding Layer 

13 InGaAsP Barrier Layer 

14 InGaAsSQW Barrier Layer 



15 InGaAsP Barrier Layer 

16 P-lnGaP Cladding Layer 

17 P-lnGaAsP Etching Stop Layer 

18 P-lnGaP Cladding Layer 

19 P-GaAs Contact Layer 

20 Alunninum Pattern (Metal Mask) 

21 Insulator Layer 

22 Resist Pattern 

23 Electrode Material 
23' p lateral electrode 
25 Ridge Structure 

30 Ti/Pt/Au Stripe Pattern (Metal Mask) 
30' Contact electrode 

31 Resist Pattern 

32 Overcoat Electrode 
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